Abstract. This study presents qualitative and quantitative research on communities of ground beetles (Carabidae) occurring in 2001 and 2003 in three types of habitats located near Bydgoszcz city, Poland (UTM CD19), on the Vistula river fl oodplain: elm and ash riparian forest (RF), poplar monoculture (P), and unintensively-farmed meadows (M). During both studied years 57 species of ground beetles were found in riparian forests (RF), 56 species in plot P and 47 in plot M. In 2001 from all sample plots 3845 beetles were collected; in 2003-9589. In both years most specimens came from plot RF (3123 in 2001 and 6224 in 2003). From plot P 2656 specimens of ground beetles were collected and from plot M 1430 specimens. Statistically signifi cant differences were found in the abundance of Carabidae, among sampling areas and the years of study. 
N atural river valleys with unregulated meandering rivers and periodically fl ooded riparian forest habitats are now extremely rare in Europe (Tomiałojć & Dyrcz 1993) . Human activities associated with river regulation have been responsible for the transformation of most riparian forest habitats into ecosystems of lesser natural value. In Poland it is estimated that riparian forests cover only ca. 5% of their original area; and less then 1% of this type of habitat has survived in its mature stage (Tomiałojć & Dyrcz 1993) .
Small stretches of riparian forests have been turned into nature reserves, but these areas were usually established to protect unique vegetation and rare vertebrates (primarily birds), and the invertebrate fauna characteristic of this type of forest was not considered.
Research on the insects inhabiting the wetland habitats associated with river valleys has been conducted in European countries for many years (e.g. Šustek 1979 a, b, c, Zulka 1994 a, b, Manderbach & Hering 2001 , Rothenbücher 2004 , Šejnohová 2006 ; but in Poland knowledge of this particular entomofauna is still fragmentary. Investigations have usually been limited to the lowest fl ooded terrace, for instance, marshy meadow habitats (for example : Olejniczak 1998 , Huruk 2003 , Sienkiewicz 2003 .
Riparian forests, which in our climate zone are equivalent to rainforests, off er the most ecological niches for diff erent organisms relative to other habitats. Because of this unique trait and the sparce knowledge of the ecological processes in the riparian wetland ecosystem, riparian forests are excellent areas for observations of nature. For this study I selected ground beetles from the family Carabidae, which are usually numerous in wetland habitats (Manderbach & Reich 1995 , Olejniczak 1998 , Aleksandrowicz 1999 , Främbs et al. 2002 a, b, Huruk 2003 , Mossakowski et al. 2003 , Sienkiewicz 2003 a, Rothenbücher 2004 , Günter & Assmann 2005 , van Looy 2005 , Šejnohová 2006 ) and are good bioindicators (Boscaini et al. 2000 ,Günter & Assmann 2005 , van Looy 2005 , Gerisch et. al. 2006 , Follner et al. 2009 .
Th e purpose of the study was a qualitative and quantitative comparison of ground beetle communities occurring in three types of habitat on the Vistula river fl oodplain: an elm and ash riparian forest (RF), a poplar monoculture (P), and unintensively-farmed meadows (M).
Material and methods

Study area
Th e study was conducted in northern Poland, in the KujawskoPomorskie voivodeship, near the city of Bydgoszcz (UTM CD19) fi g. 1. Th e samples were collected in three areas on the Vistula fl oodplain characterized by the vegetation in which they were found and their distance from the river. All the sample plots are located within the Lower Vistula Valley, which has been designated a Special Protection Area "Solecka Dolina Wisły" (PLH040003) in the Natura 2000 project, according to the Directive on the Conservation of Natural Habitats of Wild Fauna and Flora. A detailed description of the study areas is provided in table 1. Beetles were caught in 1 litre pitfall (Barber) traps, glass jars without lids. Th irty traps were placed in each habitat in six diff erent locations (fi ve traps in each location). At each station, the traps were set 1.5-2 m apart in a row. No bait or preserving liquid were used. Th e traps were emptied at least once every 10 days. After a heavy rain, when the jars were fi lled with water, a fi ne sieve was used to retrieve even the smallest beetle specimens. If a trap was destroyed, for instance by animals such as wild boars, the specimens from the remaining jars were counted and the result was adjusted to the standard number of traps (i.e. fi ve), which facilitated standardization of the results (for example: if two traps from a location were damaged and the three remaining traps caught 30 specimens of a species, this number recalculated for fi ve traps gave 50 specimens). Th e results were rounded off to the nearest unity. In the three types of habitats a total of 90 traps were set. Th e traps were empted once every 10 days throughout the growth season, excluding the periods of fl oods.
Sampling methods
Th
Applied coeffi cients
All analyses and calculations were conducted on raw data, subjected only to compensation for the damaged traps -see supra. Th e results were used to calculate the following ecological indices: -dominance (D%) applying the scale: superdominant >30%, eudominant -10.1-30%, dominant -5.1-10%, subdominant 2.1-5%, recedent 1.1-2% and subrecedent <1%. -frequency (F%) calculated in relation to 14 controls from 2001 (with an exception of samples collected in the meadow in 2001, for which this index was calculated for 13 controls, due to the April fl ood) and to 15 controls from 2003. Th e collected specimens were classifi ed according to the Balogh (1958) scale: euconstant species -75.1-100 %, constant species -50.1-75%, accessory species -25.1-50% and accidental species -0-25% -species diversity was determined using the Shannon-Wiener (H) and Simpson (d) indices. Th e index H is a measure of the probability of occurrence of an individual of a given species; the larger number of species, the probability of fi nding such an individual decreases and so does the H. Th e d index describes the probability that two randomly chosen individuals will belong to the same species and therefore emphasizes the presence of species with large populations and downplays less numerous species; -Chao2 and Jacknife2 estimators of total species richness were also calculated (Colwell & Coddington 1994) ; -alpha, beta, gamma diversity (N) -according to Hill's (1973) formula. To give the same weight to all collected species (both common and rare) we accepted the value q = 1 (Głowacki 2009) , with the sequence of N values for q approaching 1 heading towards the value exp (H), where H is the Shannon coeffi cient of diversity. Th e value of N gamma was calculated by the multiplicative method for the riparian forest (RF), which was the closest to the natural habitat, and using the value of N1alpha calculated for this habitat.
-species evenness (E); -Renkonen index (Re%) calculated by adding the least values of the dominance index (D). Th e value of 50% was adopted as the lower limit of similarity between Carabidae communities collected in diff erent habitats and years; 
Results
A total of 79 species of Carabidae were collected from all the areas (tab.2). Th at constitutes 24% of the 330 species occurring in the Wielkopolska-Kujawy lowland (Burakowski et al. 1973 , 1974 , Sienkiewicz 1994 b, Sienkiewicz & Adamek 2001 , Jałoszyński & Sienkiewicz 2002 . Over both years, 57 species of ground beetles were collected in the riparian forest (RF) habitat of the reserve, 56 species in the meadows area (M), and 47 species in the poplar plantation (P) (tab. 2).
Th e species richness estimated by the Chao2 and Jacknife 2 indices was the greatest in 2003 in the meadow location (tab. 3) and the least in the poplar plantation in 2003. Compared with the number of species that were actually collected these estimates showed a 70% detectability of species. In 2001 the detectability of species was slighty lower than in 2003 -tab. 3 . In all cases the collected samples proved to be representative. In both years, the highest numbers of specimens were captured in the Wielka Kępa reserve (RF) -70% of all captured beetles with 3123 individuals collected in 2001 and 6224 in 2003 (tab. 2) Th e percentage of ground beetles captured in the remaining areas P and M equaled 19.8% (2656 specimens) and 10.6% (1430 specimens), respectively -tab. 2., fi g. 5a.
Th e abundances of Carabidae observed during the study period varied between years. In 2001, the peak abundance was observed in the spring in the RF and M areas; a second, smaller increase occurred in September. Negligible fl uctuations of abundance occurred in the P area (fi g. 2). In 2003, the largest numbers of Carabidae were collected at the end of the summer and in beginning of the autumn in all habitats. An increased abundance was also observed in May, 2003, in the RF area (fi g. 3).
Statistically signifi cant diff erences in the abundance of Carabidae among the sampling areas and the years of study were found (2-way ANOVA results for the selected areas: df h = 2, F h = 9.586, P h = 0.000183; for the sampling year: df y = 1, F y = 4.999, P y = 0.028106). Two-way ANOVA conducted for species that were the most abundant in all locations showed the eff ect of the habitat on the numbers of collected Patrobus atrorufus (df h = 2, F h = 9.41, P h = 0.0002), Agonum assimile (df h = 2, F h = 8.66, P h = 0.0003) and Pterostichus vulgaris (df h = 2, F h = 3.64, P h = 0.03) fi g. 4 a, c, e Th e year of collection had a signifi cant eff ect on the number of Pterostichus niger (df y = 1, F y = 7.41, P y = 0.007) and Carabus granulatus (df y = 2, F y = 12.39, P y = 0.0006) -fi g 4 f,j.
Th Comparison of the alpha diversity (N1 alpha) gave a similar pattern. Higher values of alpha diversity were observed in 2001, in particular in habitat P. In 2003 and in both years of study combined (2001+2003) the highest alpha diversity was found in the meadow locations -tab. 3. Beta diversity (N1beta), which refl ects exchange of species between the three habitats Table 3 . Species diversity indices (Shannon-Wiener (H) and Simpson (d), species evenness index (E) and alpha, beta, gamma diversity) and estimators (Chao2, Jackknife2) calculated for Carabidae communities collected in the following areas: unintensively-farmed meadow (M), poplar plantation (P), and elm and ash riparian forest (RF) Th e dominance similarity of Carabidae communities (Re%) exceeded 56% for the areas M -P and M -RF. A lower value of the Renkonen index (%) was observed when comparing the structure of Carabidae community dominance in the P and RF areas -43.7% (tab. 4).
Irrespective of the examined area, Carabus granulatus, Pterostichus niger, and Pterostichus vulgaris from the euconstant or constant classes (frequency over 50%) were among the most frequently occurring species in Carabidae communities again, is this not tautologous -tab. 2.
In addition to the above species, specimens of Patrobus atrorufus sp. were captured in the RF with a 100% frequency; this beetle was also among the euconstant species in the M area (F=84%) -tab. 2.
Th e Pterostichus oblongopunctatus (Fabricius 1787), Nebria brevicollis, and Agonum assimile species occurred in 80% of samples collected in the RF reserve. Th e last species was also observed in more than 50% of the samples collected in the P area (tab. 2).
Th e particular water conditions characteristic of the research area were responsible for the common occurrence of hygrophilic and mesophylic species, which constituted 31% (25 species) and 68% (49 species) of the collected specimens, respectively (tab. 2).
Discussion The effect of years on communities of Carabidae
Annual fl oods are natural processes connected with unregulated "wild" rivers. Th e dynamics of fl oods are an important aspect in the development of unique communities of Carabidae resistant to fl oodswaters. Many studies show that regular fl oods are a basic condition for the presence of Carabidae in diff erent types of wet habitats -in meadows, swamps or in swamp forests (e.g. Zulka 1994 , Manderbach & Reich 1995 , Olejniczak 1998 , Aleksandrowicz 1999 , Främbs et al. 2002 a, b, Huruk 2003 , Mossakowski et al. 2003 , Sienkiewicz 2003 a, Günter & Assmann 2005 , van Looy 2005 , Šejnohová 2006 . Species that colonize these dynamic habitats show high dispersion and quickly react to all changes in the habitat, which makes them good bioindicators (Boscaini et al. 2000 , Günter & Assmann 2005 , van Looy 2005 , Gerisch et. al. 2006 , Follner et al. 2009 ). For many terrestrial insect species, fl oods are also considered an abiotic stress factor, which might (usually temporarily) reduce their abundance (Šustek 2001 , Rothenbücher & Schaefer 2006 , Šejnohová 2006 . Carabidae found in areas that become inundated usually use the strategy of escape before the coming fl ood (Rothenbücher & Schaefer 2006 After the waters receded, the abundances of Carabidae returned to their previous levels, and in the case of hygrophilic species (Agonum assimile, Patrobus atrorufus, or Carabus grantulatus) were even higher (fi g. 2). Th is fact demonstrates a good adaptation by Carabidae inhabiting the fl oodland to periodical fl ooding, their high re-colonization potential, and the ability to reconstruct the original community structure after the fl ood (Manderbach & Plachter 1997 , Šustek 2001 , Günter & Assmann 2005 .
The influence of habitats on communities of Carabidae
Communities of Carabidae captured in the marshy areas primarily included mesophilic and stenotopic hygrophilic species (Šustek 1994 , 1996 a, b, Främbs et al. 2002 , Mossakowski et al. 2003 , Sienkiewicz 2003 , Šejnohová 2006 . In this study they constituted 68.6% and 31.3% of all collected specimens, respectively (tab. 2). It is also noteworthy that in the case of the reserve (RF area), the ratio of hygrophilic to mesophilic specimens equaled 1:1.5. In the M area, the number of mesophilic beetles was almost four times larger, and in the poplar plantation, their number exceeded the hygrophilic specimens tenfold (tab. 2). Th e above divergences could be a result of diff erences in habitat fertility. Th e Wielka Kępa reserve (RF) is an area characterized by very lush vegetation with rich forest fl oor and understorey layers where humidity remains high due to shade provided by the canopy, a large number of decaying tree trunks, as well as evaporation and permeation of moisture from the old river beds. Th ese characteristics of the RF habitat have a defi nite eff ect on the soil moisture levels, which is considered the primary factor infl uencing the abundance and diversity of ground beetles in a given area (Šustek 1994 (Šustek a, Skłodowski 2003 . Th erefore, the RF area has abundant specimens of Agonum assimile and Patrobus atrorufus, which condition the abundance of hygrophilic species, and is the reason these species depend on this habitat type. Th is was also confi rmed statistically (tab. 2, fi g. 4 a, c).
Eurytopic species, such as Pterostichus niger and Pterostichus vulgaris were also very numerous in the RF area, probably because these beetles also migrate between neighbouring areas according to the moisture gradient choosing, if possible, more fertile habitats, as it was observed by Šustek (1995) . During the present study this was clearly shown by Pt. vulgaris (tab.2, fi g. 4 g, h).
For many years, the Wielka Kępa reserve (RF) has not been subject to any forest management, hence the large quantity of organic matter on the forest fl oor (e.g. thick poplar trunks with diameters up to 2m). Certain species of Carabidae are associated with decaying tree trunks (Skłodowski 2003) , for instance, Pterostichus niger, Pterostichus oblongopunctatus and Agonum assimile, which were quite abundant in the samples collected in the RF area and much less common in the other areas. Carabidae are often found in decaying tree trunks because rotting wood provides a specifi c habitat for various invertebrates (for example : Schiegg 2001 , Kaila et al. 1994 , Buchholz & Ossowska 1995 , which constitute a potential food source for predators. Ground beetles are not considered invariably saproxylic organisms and are rather thought to frequent logs or hollows in search of food (Skłodowski 2003) .
Th e age of a tree stand is also among factors aff ecting the species diversity and abundance of Carabidae (Holec et al. 2006) . Th e old forest of the reserve with its wide range of habitats constitutes a peculiar oasis in the surrounding areas, which attracts many animal species, including certain beetles from the Carabidae family.
Th ese factors confi rm the attractiveness of the area for the ground beetles and it is not surprising that the numbers of specimens collected in the Wielka Kępa reserve (RF) exceeded that of the other areas (tab. 2). Regardless the sampling year, a similar dominance structure (Re%) was found in the M and P areas (tab. 4). Although the material collected in the RF area was qualitatively the most diverse, the indices H, d, and E were lower there than in the other areas, particularly in 2001 (tab. 3). Th e diversity indices H (ShannonWiener) and d (Simpson) are also infl uenced by species evenness (E), that is, even number of specimens of a given species. Also alpha diversity, based on the value of the Shannon-Wiener (H) coeffi cient, turned out to be low in this habitat (tab. 3).
Communities of ground beetles captured in the reserve were characterized by high quantitative diversity of collected species -some species were very numerous, while others were represented by single specimens (tab. 2, fi g. 5 a).
Th e majority (as many as 37) of the species occurring in the reserve (RF area) were also found in the poplar plantation (P) -tab. 2. Th ough this type of habitat is highly unnatural with a disturbed vertical structure in comparison to that of the riparian forest, and is formed by hybrid or non-indigenous species, which have a negative eff ect on native fl ora and fauna (Späth 1981 , Hügin 1981 cited in Rotach 2004 , Blab & Kudrna 1982 , Ulrich et al. 2004 , the samples collected in this area were characterized by high abundances and diversities. It is certain that some species, particularly eurytopic ones, migrated to the plantation from the neighboring areas. But there were also species that prefer this type of habitat, such as: Carabus granulatus, the most common ground beetle in wetlands, or Carabus coriaceus L. 1758, considered a relatively rare species that which inhabits less moist, bright forests of diff erent types (Burakowski et al. 1973 , Watała 1995 . In habitat P high alpha1N diversity in 2001 and a high level of the index 1N beta (P-M) stands out (tab. 3). Th is was probably caused by the spring and summer increase of the water level and the fl ooding meadows, which cause a more intensive movement of Carabidae between habitats.
Th e poplar plantations have high natural potential. If it is to be designated as a protected area as planned the gradual regeneration processes would eff ect a renaturalisation of the poplar plantations now growing there. It can be assumed than in several tens of years this area will have numerous old trees, dead wood and a new generation of vegetation typical of riparian forests. Based on the above discussion, we can assert that poplar monocultures are very important as potential habitats for invertebrates -according to Grechkin & Vorontsov (1962 , cited in Rotach 2004 , no fewer than 700 insect species, including Carabidae, are associated with the Populus genus only.
In Poland, due to the intensifi cation of agriculture and attempts to convert river valleys into farmland, the surface area of natural meadows located on fl oodplains has been constantly decreasing. Intensive farming aff ects local populations of Carabidae reducing their abundance and species richness (Czechowski 1989 , Sienkiewicz 2003 , Rothenbücher 2004 .
Th e importance of the investigated habitats for Carabidae was confi rmed by research conducted by Sienkiewicz (2003) in the Warta river valley and Rothenbücher (2004) in the national park on the Lower Oder in Germany. Sienkiewicz observed as many as 106 species of ground beetles in meadow areas, including several extremely rare and endangered species. Th e species composition described in conducted study was similar to the composition observed in the Biebrza river valley, where the species diversity was relatively high in natural meadows and decreased when the area was drained (Olejniczak 1998 , Nietupski et al. 2007 .
Th e level of humidity of meadow habitats is positively correlated with the number of species that are caught. A lower groundwater level straitens the species composition of Carabidae mostly in stenotopic species, and evolution towards communities with a prevalence of eurytypic, mezophilous and with time xerophilous species (Olejniczak 1998 , Nietupski et al. 2007 .
Although, the abundance of ground beetles in the unintensively-farmed meadows was lower than in the other areas (tab. 2), high values of biodiversity indices (tab. 3) demonstrate that meadow habitats are very important for the protection of natural diversity of river valleys.
Th e described diff erences between the Carabidae habitats were also refl ected in the Anova test, which confi rmed the statistically signifi cant eff ect of the research areas on the abundances of ground beetle communities.
Due to the properties that make Carabidae good bioindicators, they rapidly respond to any environmental changes, particularly those related to the moisture gradient (Šustek 1994b , 1996 , Boscaini et al. 2000 , Rainio & Niemelä 2003 , Günter & Assmann 2005 , van Looy 2005 , Gerisch et al. 2006 , Follner et al. 2009 ), but are less dependent on the composition of the fl ora vegetation (Šustek 1994 (Šustek a, Skłodowski 2003 . It was observed that even ephemeral, temporally fl ooded, small areas in a rural landscape might constitute unique islands of biodiversity (Brose 2003) .
As demonstrated by the results of this study, lush and dense vegetation proves to be an additional factor (besides fl ooding) that maintains the moisture content at levels suitable for ground beetles. Th is factor is the primary reason for the high abundance of Carabidae in the Wielka Kępa reserve (RF area) -fi g. 4a,c,e, g,i, fi g. 5a. Th e similarities between dominances and species compositions observed in all the research areas might result from intensive migration of beetles between the adjacent habitats (tab.2, tab. 4).
Conservation of wetland habitats
Riparian forest, which used to be a typical element of the lansdcape of river valleys, is now a rare habitat that is in danger of extinction. It is estimated that throughout the world wetlands associated with fl ooding rivers still cover more than 2 million km 2 (Tockner & Stanford 2002) but they are constantly being transformed into arable land or development areas.
In Europe, most riparian forests were felled by humans already in the Middle Ages (Šustek 1994 b) and this type of habitat survived only in fragments. Th e surface area of other habitats located in the fl oodplains of large rivers has also been gradually reduced. Th erefore, investigating wetland ecosystems is extremely important and should result in measurable benefi ts by the establishment of nature reserves or the introduction of other forms of protection.
In Poland, in spite of the ministerial decree of 14 August 2001 (Record of Law 92 from 3 Sept 2001, point 1029) that defi ned the types of natural habitats that should be accorded protection, including all types of riparian forests, the regulation of protected habitats remains moribund and in river valley construction continues, which causes the deterioration of the area covered by this type of forest.
One signifi cant threat to the fl ooded ecosystems in the Vistula river valley is the continuation of the state project of building dams in its lower regions, which started in the 1970s. Th is project plans to establish a series of consecutive dams along the river valley, which would harm the wetland and the organisms that inhabit them, including Carabidae (Manderbach & Reich 1995 , Šustek 1994 b, 1995 , 1996 , Fenster & Knisley 2006 . Reconstructing the ecosystems damaged by this project might be possible, but would consume time and money, as shown by examples in other European countries (Günter & Assmann 2005 , De Vaate et al. 2007 , so possible alternative solutions should be considered. Th e Wielka Kępa nature reserve and the adjacent areas are of great value to wildlife where rare species of ground beetles were recorded, such as Badister dorsiger (Duftschmid 1812) found in the sample plot in the poplar plantation. Th is species is included in the Polish Red List of Th reatened Species as critically endangered (Pawłowski et al. 2002) . Th e occurrence of this species was also confi rmed by earlier surveys of the Carabidae fauna conducted in this area (Stachowiak 1981) . Th e occurrence in plot M of Oodes helopioides, a species listed as vulnerable in the Polish Red Data Book of Animals (Pawłowski et al. 2002) is also worth noting.
Extending the Wielka Kępa nature reserve by including the adjacent poplar, elm and willow stands would protect their important value to wildlife and the unique characteristics of the habitats we described. Much of the area proposed for inclusion into the nature reserve is covered by poplar and ash plantations, but this area is also valuable to wildlife. Th e complex of the riparian forests and the phytosociologically related plantations of the proposed enlarged Wielka Kępa nature reserve are the largest complex of riparian forest along the whole 1000 km-plus valley of the Vistula river. What is especially important, these forests are located along the fragment of the Vistula valley without fl ood embankments, which allows their regular fl ooding by the rising river. Th is location is the reason that this forest complex is not threatened with change to lime-oak-hornbeam communities and can retain its unique values as the riparian community. Th e extended Wielka Kępa nature reserve would greatly increase the chances to preserve biodiversity and protect rare and endangered species of fauna and fl ora, and would become a location of unique natural value, an important site for the preservation of biodiversity in the anthropogenic landscape of Europe and an important area for interdisciplinary scientifi c research.
